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AIRpLAmE AT A SWEEP AmGLE OF 58.70 

By Richard D. Banner, Robert D, Reed, 
and w i l u a m  L. w c y  

A flight  investigation has been d e  over an altitude and lift  range 
to determFne the wing loads of the Bell X-g research  airplase at a  sweep 
angle of 38.7" at subsonic and transonic Mach n&ers. 

The wFng loads were  nonlinear  over the angle-of-attack  range from 
zero to maximum a Ilft. The nonlinear trends  were  more  pronounced  at 
angles of attack  above the "pftch-up" where there is a reduction in the 
wing lift and a.n friboard and forward movement Fn the center of load. 

No apparent  effects  of  altitude on the wTng loads were evident f r o m  
the data obtained in these tests. 

As part of the cooperative A i r  F o r c e A a v y d C A  transonic  flight 
research program, the Rational Advisory Camittee for Aeronautics is 
utilizbg the Bell X-3 variable-sweep  research  airplane for flight Fwes- 
tigations at the mCA High-Speed Fligh-t; Station .at  Rlwards, C a l i f .  These 
flight  investigations are aimed at  determining l a ,  the  stabiUty and 
control  characteristics, lift and and buffet-  characteristics of 
the airplane  at  selected  sweep  angles.  Because of the interest In the 
loads asd stability chmacteristics at high sweep angles, the first com- 
plete  investigaticm on this  airplane w a s  made  at a sweep  angle of 58.70 
which WES the maximum sweep obtahable. The wing-loads measurementls at 
this  sweep angle are presented. herein. P r e U m i m q  results of the tail- 
load measurements  at  several  sweep mgles during the demonstration teats 
are  presented in reference 1. 
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SYMBOLS 

NACA RM EQ5Al-l 

cm w 4  

CN 

c NA 

C 

cW 

g 

?e 

Lw 
M 

MW 
n 

wing-panel  bending  mcanent  about  the  gage  station,  ft-lb 

span of left wing panel outboard of  gage  station, ft 

wing-panel  bending-mcanent  coefficient, % 
%I bW 

%- F 
--panel pitching-mament coefficient about the quarter 

chord  of  the M.A.C.w, Mw 
a 2 qq 

normal-force  coefficient 

Lw --panel normal-force,  coefficient, - s, 
L 

chord at any section alcng €Tan, ft 
streamwise  chord  at any section along wing-panel span, ft 

mean aercdyn&mic  chord of wing panel, 
f w 2  

acceleration  due  to gravity, ft/sec 

pressure  altitude, ft 

aerdynamic wing-panel load, Ib 

Mach  number 

wing-panel  pitching mment, ft-lb 

airplane normal acceleration, g units 
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v 
W 

X CP 

Y 

ai 

P 

Subscript: 

m&x 

- 

dynamic pressure, pv*/2, ~ / s q  ft; 

area of wing bounded by leading edge d trailing edge 
&ended. t o  the airplane l ine  of symmetry disregarding 
f i l l e t s ,  sq ft 

whg-panel area outboard of left wing gage station, sq ft 

wee-stream velocity,  ft/sec 

airplane gross wefght, lb 

wing-panel  chordwise center of pressure,  percent EW 

wing-panel  spanwise center of yressure,  percent bw/2 

l a te ra l  displacement, ft 

hdicated  airplane  angle of attack, deg 

maximum 

The Bell X-5 research artrplane incorporatea  a wing which is  variable 
fn f l ight  from a sweep' angle of &out 20° t o  about 58-70. It is a single- 
place amlane powered by an Allison J35-A-17 Jet  engine. ' A photograph 
of the  airplane In the 58.70 sweep configuration utilized in this inves- 
tigation is shown in figure 1 and a three-view &awing of the amlane 
fa shown in figure 2. 

The airplane physical  characteristics i n  the 58-70 sweepback con- 
figuration  are given in table I. A l l  dfstances on the airplane  are 
measured as a distance aft of' fuselage  station z e r o  as shown on figure 2. 

I 

Standard NACA recordfng  instruments are installed in the ah-plane 
t o  measure the fol lowing quantities  pertinent t o  this investigation: 

I - 



4 

Airspeed 
Altitude 
Angle  of  attack  and  angle of sideslip 
Normal, longitudinal,  and  transverse  accelerations 
Pitchhg angular velocity and acceleration 
R o l l i n g  angular velocity 
Yawing angular velocity and acceleration 
Control  surface  positions 
Wing  sweep  angle 

Shear,  bending  mcanent, and pitching mment on the  left w i n g  panel 
are  measured by strain gages  installed on the spar and skin at  the  wing 
root  station 33.9 inches  from  the  airplane  center line as shown in fig- 
ure 2. The  outputs of these  strain  gages  are  recorded on a multichannel 
recording  oscillograph.  Based on the  results  of a static  calibration 
and an evaluation of the  strain-gage  responses fn flight,  the  estimated 
accuracies of the  measured  shear,  bending mment, and  pitching mment 
are %lo0 pods, 24-00 ft-lb, and ?200 f t - lb ,  respectively. 

In order  to  minimize  the  errors in total  pressure  measurement an 
NACA type A-6 total  pressure  head  described Fn reference 2 was  mounted 
on the  nose boom and the  static  pressure  error w&9 determined in flight. 
The  total  estimated  error i n  Mach  nmiber  is  within fO.01. The estimated 
error in the  determination of the  airplane  normal-force  coefficient 
is k0.03. The  airplane angle of  attack  was  measured by a vane  located 
on  the  nose boom and is  presented  herein as measured  data.  The  estimated 
accuracy of the  angle-of-at-bck  recorder  is 'f0.5O. 

The  tests  were  conducted in the clean configuration with the slats 
closed  and  consisted of symmetrical  maneuvers  through  the  angle-of- 
attack  range  over a Mach n&er range of 0.61 t o  0.97 at an altitude of 
40,000 feet, 0.61to 0.94 at 25,OOO feet, and 0.61to 0.92 at 15,000  feet. 
The  Reynolds  n-miber,  based on w i n g  mean  aerdynam5.c  chord,  for  these 
tests  varied  from ll.5 x ID6 to 19.0 x lo6 at 40,OOO feet and from 
38.0 x lo6 to 43.0 x 10 at 15,000 feet. 6 

The aer-ic characteristics  of  the X - 5  KFng panel  at a sweep 
angle  of 58.7O are  presented in figure 3 for representative  Mach nm- 
bers  over  the  Mach  number  range  from 0.6130 0.92. Additional data at 
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M = 0.97 at 40,ooO feet   are also shown. The data are presented as the 
variation of  Mach m e r ,  airplane normal-force coefficient, wing-panel 
normal-force coefficient, wing-panel bending-moment coefficient, and 
wing-panel pitchingdanent  coefficient  with  angle of attack  for  test  
altitudes of 4 0 , ~ ,  23,000, and 15,000 feet. 

Over the lift ranges investigated a t  the three  test  altitudes  the 
wing-panel lift, bending-moment, and pitchhg-mment data plotted against 
angle of attack show no differences in the  general shapes of the curves 
with  altitude. Because the s m a l l  differences in the Level of the data 
generally  are  within  the accuracy of measurement, the above results 
indicate  that  there  are no apparent effects of altitude an the w i n g  
loads. For this reascm, s6bsequent presentation and discussion wKU be 
concerned only with  the data obtained a t  an altitude of 40,000 feet  
where it is possible t o  describe  the wing-panel characteristics over 
the c q l e t e  lift range of the  airplane. 

In figure 3 it c m  be seen that the wing-panel characteristics and 
a lso  the  airplane normal-force coefficients show nonlinear variations 
with angle of attack at m y  one Mach rumiber. Thfs tendency has been 
reported  previously for swept w i n g s .  (For examIple see  ref. 3 . }  If, 
however, these  nonlinear  tendencies  are considered for all Mach nmibers, 
a definite  pattern can be established by which a conprison can be made 
of the wing-panel characteristics over the Mach n M e r  and d e - o f -  
attack range. In the upper portion of figure 4, which is  presented  as 
an i l lustrative example, it can be  seen that  in traversing the angle-of- 
attack range the WFng panel  experiences  definite changes i n  i ts  loading 
characteristics. These  changes may be  considered as two regions of 
lfneaz  variation Fn the whg-panel  normal"force, bendlng-mment, and 
pitching-ament  coefficients  with angle of attack; one a t  low angles of 
attack,  the  other at moderate angles of attack. (For convenience these 
regions will hereinafter be referred t o  as region A and region By respec- 
tively.) A t  angles of attack bned-iately following region B a change In 
the wing-panel characteristics OCCUTS which coincides appr0xFmateI.y with 
a reduction in the  longitudinal  stability of the  airplane  as  defined fn 
reference 4. Thfs reduction In airplane stab€=* is assocfated  with  a 
rapid  increase in  the pftching  acceleration which occurs at Usts 
during accelerated maneuvers. This region of reduced s tabi l i ty  will 
s&sequently  be  referred t o  as  the "pitch--" region, and the wing-panel 
characteristics in this region will be discussed later.  

In each of the magewers presented in figure 3 vertical  lfnes were 
placed above the curves t o  hdicate  the angles of attack near which a 
change i n  wing-panel characteristics occurs. These vertical  lines sepa- 
rate  the  three  regions  defined above. 

The  Mach m e r  variation of the  three  angle-of-attack  regions is  
shown in the lower portion of figme 4. The crosshatched regions 



represent  the  angle-of-attack ranges tn which a change i n  wing-panel 
characteristics occurs. The curve shown i n  figure 4 above the  pitch-up 
region is the  =le of attack a t  which the  airplane achieved maxfmum 
nornaal-force coefficient and is based on a surrnnary of the  flight-test 
data. 

From the data 0btained.a-t an altitude of 40,000 feet  (fig. 3) a 
general  description of the wing-panel characteristics over the angle- 
ofa t tack  range at the Mach  numbers tested can be summarized as  follows: 

A s  the  airplane  traverses  the  angle-uf-attack  region frm A to B 
the wing-panel pitchin@;-mament curve shows an increase in stability and 
the  lift-curve  slopes of the  airplane and w i n g  panel  increase. A s  the 
airplane  enters  the  pitch-up  region  both a stick-fixed and stick-free 
reduction of s tabi l i ty  occur, which is followed by directional  insta- 
b i l i t y  and aileron overbalance (ref. 4) . 

As a result  the  airphne  generally develops large  sideslip angles 
following  the peak angle of attack. For the lift range of these tests,  
however, the maximum sideslip angles did not exceed i2.50. It is a l s o  
near the  onset of pitch-up that the wing panel again experfences definite 
changes in i ts  characteristics. The wing-panel  pitching-moment curves 
indicate an abrupt  reduction of wing-panel stabil i ty and i n  most cases 
unstable  tendencies over a very smalL angle-of-a-ttack range a t  pitch-up. 
The wing-panel lift and bending-mcanent slopes  decrease with increasing 
angle of attack  followhg the pitch-up  continue t o  decrease up t o  8 

maximum UFt of the airplane. The pitching-mment curve shows stable 
characteri8tics again but  decreases gradually with  increasing  angle of 
attack up t o  m&ximum lift. The t o t a l  airplane  lift-curve slope decreases 
gradually above the pitch-up but does not show the pronounced break i n  
slope a t  pitch-q as do the wfng-panel parameters, indfcating  that the 
fuselage  contributes a larger percentage of the total airplane u9t i n  
the pitch-up  region. 

Least  squares slopes of the airplane and --panel normal-force 
curveB of figure 3 were taken in regions A and B as shown i n  figure 4 
and are shown in  figure 5 as a variation  with Mach  nuniber. Considerable 
data scatter was obtained i n  an attempt t o  describe  the Mach  llLmiber vari- 
ation of the wing-panel and airplane normal-force slopes i n  both  regions; 
however,  some general  trends  are  evldent. Ln region A the wfng-panel 
normal-force-curve slope  increases ab& 30 percent  with  increasing Mach 
nmber in the Mach  nuniber range from 0.60 t o  0.97. A t  M = 0.60 the 
value of wing-panel normal-force-curve slope measured about 0.043 per 
degree. The airplane normal-force-curve elopes show similar trends  but 
the  absolute  values  are approxinrately O.OC& per degree less  than  those 
for  the wing panel. A t  the lower Mach  qumbers the --panel lift-curve 
slope shows an increase of about 40 percent from region A t o  region B, 
whereas the  airplane  lift-curve  slope  increases about 37 percent. This 
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difference between the a i r p k e  and wlng-panel liFt-curve  slopes between 
regions A and B decreases with increasing Mach nmiber up t o  M = 0.97 
where very sm&u differences in  the wing and airplane  lift-curve  slopes 
are evident between the t w o  regions. 

The theoretical value for  the  lift-curve  slope of the w i n g  panel 
in the presence of the  fuselage at a Mach nmiber of 0.15 was calculated 
by the method of reference 5 and is shown Fn figure 5(a) . The results 
indicate g o d  agreement for this case. 

Presented in figure 6 are  the wing-pasel pitchhg-mcpnent and 
bendjngament  coefficients of figure 3, together  with  the chordKfse 
and. spmwLse centers of pressure,  plotted as a variation with wing-panel 
normal-force coefficient. The vertical  lines above the curves separate 
the  angle-of-attack  regions A, B, and the pitch-up regim. The data of 
this figure shaw the same characteristic changes in the  slupes between 
regfons as w a s  shown In figure 3. These changes are also reflected. fn 
the chordwise and spanwise centers of pressure. (Center-of-pressure 
data are not shown below a wing-panel normal4 orce  coefficient of 0.2 
shce  their  locations becane men.ninaless at normrtl-force coefficients 
ipproac- zero.) 

As the wing-panel normal-force coefficient  increases prior t o  pitch- 
up (region A & B) there is a gradual rearward movement of the chord- 
wise center of pressure on the order of about 5 percent of the mean aero- 
dynamic chord of the wing panel  associated with only a very slight 
outboard movement 3 n  the spanwise cede r  of pressure at all Mach nmibers 
tested. A t  pitch-up the wing-panel center-of-load, movement abruptly 
changes directian;  the  chordese  center of pressure m o v e s  forward approx- 
imately 5 percent and the spanwise center of pressure moves rapidly 
inboard 5 t o  8 percent of the wing-panel semispan, except  near a Mach 
number of 0.90 where there is essentially no chordwise movement in the 
center of load at wing-panel normal-force coefficients above the 
pitch-q 

The most forward position of the  center of load. is seen t o  be at 
about 38 percent of the wing-panel mean aerdynamic chord at a Mach 
rimer of 0.61 a ~ d  a --panel no--force coefficient of 0.255. The 
most reammd  poeition is at  about 50 percent and occurred at a Mach 
nuuiber of 0.74 and a wing-pasel normal-force coefficient of about 0.57. 
The most oukboard position of the cerrter of load also occurred at  a &ch 
number of 0.74 a& was at about 54 percent of the --panel semispas a t  
a wing-panel normal-force coefficient of about 0.40. The furthermost 
inboard position was at  approrimEltely 43 percent of the *-panel s e d -  
span and occurred at a Mach nmiber of 0.97 and wing-panel normal-force 
coefficient of about 0.6. 
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The  theoretical  value  for  the  spanwise  center of pressure of the 
wing  panel in the  presence of the  fuselage  at a Mach m e r  of 0.75 was 
calculated by the  method  of  reference 5 and is  presented in figure 6 
for  comgarison  with  the  measured values obtained  at  Mach  mmibers of 0.74 
and 0.77. 

Presented in figure 7 are  the  wing-panel  normal-force,  bending- 
moment, and pitching-mament  Coefficients for constant  airplane normal- 
force  coefficients of 0, 0.2, 0.4, and 0.6. The darkened symbols indi- 
cate  values  which  were obtained at normal-force  coefficients  above  the 
reduction in airplane  stability. At constant  airplane  normal-force 
coefficients  below  the  reduction in airplane stability  the  wing-panel 
normal-force and bending-mament  coefficients  increase  slightly  with 
increasing  Mach nmber and the values of  the wing-panel pitching-mment 
coefficients  tend to become  more  negative.  Above  the  reduction in air- 
plane  stability  the  characteristics of the  curves  are  caused by both  the 
conthuaus decrease in the w i n g  lift-curve  slope and the inboard and 
forward  movement  of  the  center of load as higher U S t s  above  the  pitch- 
up are  reached. 

Flight  measurements on the B e l l  X-5 research  airplane at a sweep 
angle of 58.70 have  shown that the wing loads exhlbit  nonlinear  trends 
over  the  angle-of-attack range from zero to m x h m m  w h g  lift.  These 
nonlinearities  were in general,  more  pronounced a% angles of attack 
above  the  "pitch-up"  where  there is a reduction tn the  wing-panel  lift- 
curye  slope  and an biboard and  forward  movement Fn the  center of load. 
These  characteristics  have  been found t o  exist in the  results of wind- 
tunnel  tests of swept wFn@;~ and emphasize  the  need  of  model  testing for 
accurate wing design data when  nonlinearities  exist. 

No apparent  effects of altitude on the w i n g  loads were  evident over 
the  comparable  lift  ranges  of  these  tests  at  altitudes from 40,000 to 
13,000 feet . 

High-speed  Flight  Station, 
National  Advisory  Committee  for  Aeronautics, 

=wads, cal i f . ,  ~ a n ~ a r y  5 ,  155. 

. 
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TABtEI 

PHYSICAL CHARACIWISTICS OF REX& X-5 AlRpLAmE 

AT A SWEEP ANCLF, OF 58.70 

Airplane: 
Weight. lb: 

R i l l f u e l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10. 006 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Center-of -gravity position.  percent M.A.C. : 

Less fuel 7. 694 
FUIl fue l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45.0 
Less fuel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45.5 

f~ll fuel). slug-&: 
About X-axis . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5. 165 
About Y - a x i s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9. 495 

Mments of inertia for 38.70 sweep  (c- configuration. 

AboutZ-axLS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  M. 110 

wing: 
Airfoil sect- (perperdiculax t o  38 .02-pem-ch~ 'd  line) : 

Float; . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  RACA&(m)MU 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . .  MCA 64(,8)AOO8.28 

* e p a n g l e a t 0 . 2 5 ~ , d e g  . . . . . . . . . . . . . . . . . . . . .  58.7 Area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  183.7 span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.1 
Span between equivalent tips. f% . . . . . . . . . . . . . . . . . . . .  19.3 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.20 
%per ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.4u 
Mean aerodynamic chord. ft, . . . . . . . . . . . . . . . . . . . . . . .  9.93 
Location of reding edge of aercdymnntc  chord. fuaelage atation . . 101.2 
Lncidence root chord.  deg . . . . . . . . . . . . . . . . . . . . . . . .  0 
Dihedral. de@; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Geometrictwist. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

h a .  sqf t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  U3.62 span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14.33 
Mean aeroaynamic chord. ft . . . . . . . . . . . . . . . . . . . . . . .  8.43 
Location of leading edge of me= aeroaynemic  chord. fueehge  station . . 138.6 

W i n g  panel: 

Horizontal tail: 
Airfoil section (parallel to   fusehge der B e )  . . . . . . . . . .  WLCA 65Aoo6 
Area. sq f% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31.5 span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.56 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-9 
%per ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

v e r t i a  tail: 
k e a .  (above aft fuaehge  center  lfne). sq ft . . . . . . . . . . . . . .  25.8 span. perpendic~lar t o  aft; fuselage center line. it . . . . . . . . . . .  6.17 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.47 
Sweep angle of' leading edge. deg . . . . . . . . . . . . . . . . . . . .  46.6 



1;-87574 
Figure 1.- A photograph of the Bell X-5 research airplane. 
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Figure 2.- A three-view drawing of the Bell X-5 research airplane. - 
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(a> M E 0.61. (b) M - 0.74. 
Figure 3.- A i r p l a n e  normal-force and wlng-panel characteristics  for 

representative  maneuvers  over  the Mach nuher range from M = 0.61 
to M = 0.9 at altitudes of 40,000, 25,000, and 15,000 feet. 
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(c) M = 0.77. (a) M fi* 0.81. 

Figure 3. - Continued. 
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Figure 4.- The Mach nuniber variation of the change Fn wing-panel char- 
acteristics Wrth airplane lift. 
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(a) Region A. 

M 

(b) Region B. 

Figure 5.- The h c h  n-er variation of the airplane and wing-panel 
lif t-curve slopes. 
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(a) M - 0.61. 

t 

(b) M 0.74. 

(c) M PJ 0.77. 

Figure 6.- Vaziations of wing-panel pitching-molaent  coefficients, 
bending-moment  coefficients, and centers of pressure trlth wing- 
panel  normal-force  coefficient for representative Mach nzmibers 
f r o m  M = 0.61 to M = 0.97. 
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0 

(a) M pJ 0.81. 

(e) M fi: 0.89. 

(f) M fi: 0.92. 

Figure 6. - Continued. 

. 
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Figure 6.- Concluded. 
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Figure 7.- Uach m e r  variation of the wing-panel characteristics at 
constant airplane normal-farce coefficfent. - NACA-Lawley - 4 4 - 5 6  -326 




